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NEBULIZING AND DRUG DELIVERY DEVICE 



Field of the Invention 

The present invention relates broadly to a nebulizer, and in particular an 
5 ultrasonic nebulizer. 



Background of the Invention 

Drugs are commonly administered orally for absorption through a patient's 
digestive tract. This method of drug administration involves systemic delivery of high 

10 doses of a drug which results in only a small percentage of the drug reaching a target 
area. Because of the high dosage, toxic side effects are often involved. In order, to 
address these problems alternative forms of drug delivery are being used for an 
increasing number of applications. The alternative forms of drug delivery typically 
involve: (i) inhalation, and (ii) trans skin or transdermal transport which is technically 

15 known as transdermal drug delivery. 

Drug delivery via inhalation can involve an aerosol form of a drug. Aerosol 
forms of a drug are usually provided by atomization of a liquid solution form of the 
drug to form aerosol, immediately prior to drug delivery. Atomization is typically most 
efficiently effected by nebulization of a liquid, usually but not exclusively, with an 

20 ultrasonic nebulizer. 

Ultrasonic nebulizers typically include an ultrasonic transducer which is 
positioned below a liquid filled container. For example, in more efficient nebulizers the 
ultrasonic transducer is designed to focus ultrasonic radiation to a specific point within 
the container. The focussed radiation results in formation of an upwardly projecting 

25 fountain of liquid and the formation of aerosol droplets at the fountain. Ultrasonic 

nebulizers operate efficiently when the liquid surface passes through the focal point of 
the ultrasonic transducer. However, they operate poorly or not at all if the liquid 
surface is above or below the ultrasonic transducer focal point. Conversion of liquid to 
aerosol causes the liquid surface to lower which in turn adversely affects a nebulizer's 

30 efficiency. 
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Summary of the Invention 

According to one aspect of the invention there is provided a nebulizer 
comprising: 

a container adapted to contain a liquid to be nebulized; 
5 a tubular energy transmitter including an acoustic transmitter pipe 

having one end immersed in the liquid proximate and spaced from the 
container; 

an aerosol tube positioned around a portion of the acoustic transmitter 

pipe; 

10 an acoustic energy source being operatively coupled to the container for 

nebulization of the liquid and being configured for transmission of acoustic 
energy to a focal region of the liquid proximate said one end of the acoustic 
transmitter pipe whereby said liquid is forced toward an opposite end of the 
acoustic transmitter pipe where a guided spout of said liquid is emitted with a 

15 diameter equal to a diameter of said opposite end of said acoustic transmitter 

pipe, the guided spout nebulized within the aerosol tube. 
Preferably the energy source is positioned below the container. 

Preferably said one end of the tubular energy transmitter is immersed in the 
20 liquid. Even more preferably the tubular energy transmitter is positioned so that said 
one end is proximate the bottom of the container. 

Preferably the nebulizer further comprises an aerosol tube positioned about at 
least a portion of the tubular energy transmitter and having a cross-sectional area 
such that the pressure of the aerosol within the aerosol tube derived from the liquid 
25 spout induces a pressure drop along the aerosol tube which propels the aerosol 

through the aerosol tube. Even more preferably an internal diameter of the aerosol 
tube is greater than adiameter of the tubular energy transmitter at its opposite end. 
Still more preferably the aerosol tube is positioned so that it is substantially coaxial 
with the tubular energy transmitter. Even still more preferably the aerosol tube is 
30 connected to the opposite end of the tubular energy transmitter. 

Preferably the energy source vibrates the liquid proximate the opposite end of 
the tubular energy transmitter. 
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Preferably the aerosol tube opens at its upper end into an expansion chamber 
which in turn communicates with an outlet duct. 

Preferably the expansion chamber is adapted to recirculate larger drops of the 
liquid back into the container. 
5 Preferably the energy source comprises an ultrasonic transducer for 

transmission of ultrasonic radiation energy. Preferably the ultrasonic transducer has 
a concave shaped surface. Still more preferably the ultrasonic transducer is arranged 
to transmit ultrasonic energy to a focal region of the liquid. 

Preferably said the one end of the tubular energy transmitter is proximate the 
1 0 focal region. More preferably an internal diameter of the tubular energy transmitter is 
substantially equal to a diameter of the focal region. Still more preferably the tubular 
energy transmitter has a higher acoustic impedance than the liquid. Even still more 
preferably the acoustic impedance of the tubular energy transmitter is high enough to 
effect minimal acoustic energy loss during transmittal of the energy along the tubular 
1 5 energy transmitter. 

Brief Description of the Dravs^ings 

A preferred embodiment of the present invention will now be described, by way 
of example only, with reference to the accompanying drawings, in which: 
20 Figure 1 is a schematic side elevational view of part of an ultrasonic nebulizer 

disclosed in the applicant's US patent No. 5,908,158 

Figure 2 is a schematic side elevational view of part of one example of an 
ultrasonic nebulizer of the present invention which has an ultrasonic transducer 
positioned beneath liquid which is contained in the nebulizer; 
25 Figure 3 is a schematic side elevational view of part of another example of a 

nebulizer of the present invention having an ultrasonic transducer positioned above 
liquid contained in the ultrasonic nebulizer; 

Figure 4 is a schematic side elevational view of a third example of an ultrasonic 
nebulizer of the present invention. 

30 

Detailed Description of the Preferred Embodiment 

US patent No. 5,908,158 discloses the applicant's ultrasonic nebulizers which 
are predecessors to the preferred form of nebulizer of the present invention. The 
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contents of US 5,908,158 are hereby incorporated into this specification. Figure 1 is a 
schematic representation of the nebulizer of US 5,908,158. The nebulizer 10 includes 
a container in the form of bowl shaped container 12 which contains liquid 14, an 
energy source in the form of bowl shaped ultrasonic transducer 16 and an aerosol 
5 tube 18. The bowl shaped ultrasonic transducer 16 is designed to focus emitted 

ultrasonic radiation energy at an acoustic focal region, in this example acoustic focal 
point 20, which is located just beneath an upper surface of the liquid 14. Energy 
absorbed at the acoustic focal point 20 by the liquid 14 causes liquid to project 
upwardly to form a liquid spout 22. 

10 In addition to formation of the liquid spout 22, ultrasonic radiation focussed at 

the acoustic focal point 20 results in transmission of acoustic energy upwardly 
through the liquid spout 22. When the acoustic energy reaches an upper surface of 
the liquid spout 22 it results in nebulization of liquid at the upper surface and the 
subsequent formation of aerosol 26. Aerosol formation is understood to occur by a 

15 process which most likely involves capillary wave and cavitation mechanisms 
involving high frequency vibrations. 

The liquid 14 can be a liquid or liquid suspension form of any substance which 
is required in an aerosol form. For example, the liquid 14 could include a medicated 
substance, for example a drug, or alternatively could be a perfume. The aerosol 26 is 

20 a nebulized form of the liquid 14 and can be administered to a cellular organism which 
for the purpose of this example is a person or patient. The aerosol 26 can be 
administered to a patient, for example, by inhalation. 

The aerosol 26 is administered to a patient by propelling it upwardly through 
the aerosol tube 18 which corresponds to the intake tube of the applicant's US patent 

25 No. 5908158. 

As the liquid 14 is nebulized by the nebulizer 10 and aerosol 26 is formed 
above the liquid 14, this nebulization of the substance results in depletion of the 
volume of liquid 14 which is contained by the bowl shaped container 12. As the 
volume of liquid 14 decreases the upper surface 15 of the liquid 14 moves 

30 downwardly. Once the upper surface 15 moves below the acoustic focal point 20 the 
rate of conversion of liquid 14 to aerosol 26 dramatically reduces to cause a 
corresponding reduction in efficiency of operation of the nebulizer 10. 
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Figure 2 shows one example of an ultrasonic nebulizer 30 of the present 
invention. For ease of reference like features of this ultrasonic nebulizer 30 and the 
previously described nebulizer 10 are referenced by common reference numerals. 
The ultrasonic nebulizer 30 includes a bowl shaped container 12 which contains liquid 
5 14 having an upper surface 15, a bowl shaped ultrasonic transducer 16 and an 
aerosol tube 18. The ultrasonic nebulizer 30 also includes ultrasonic transmission 
medium 32 in the form of water which is positioned between the bowl shaped 
ultrasonic transducer 16 and the bottom of the liquid to be nebulized. The separation 
of the transmission medium from the nebulized liquid is made with a separator 31 

10 which extends across the container 12. The nebulizer 30 also includes a tubular 

energy transmitter in the form of an acoustic transmitter pipe 34 which is supported by 
the aerosol tube 18 via a connection plate which in this example is an annular disc 36. 
The acoustic transmitter pipe 34 is cylindrical in shape however the tubular energy 
transmitter is not limited to this shape. For example, in an alternative form the tubular 

15 energy transmitter is a bell-shaped pipe (not shown). The transmitter pipe 34 and the 
aerosol tube 18 are arranged coaxial with one another. The annular disc 36 includes 
connection plate apertures in the form of holes 38. The bowl shaped ultrasonic 
transducer 16 focuses ultrasonic radiation at acoustic focal point 40 which is just 
above the bottom of the liquid 14 but below one end of the acoustic transmitter pipe 

20 34 which in this particular example is a lower end 42. The correct focal point is 
achieved by appropriately designing the radius of curvature of the bowl shaped 
ultrasonic transducer 16 and the spacing between it and a bottom of the bowl shaped 
container 12. 

Absorption of ultrasonic radiation energy by liquid 14 at the acoustic focal point 
25 40 forces liquid upwardly through the acoustic transmitter pipe 34 to form a guided 
liquid spout 44. The guided liquid spout 44 extends beyond an upper surface of the 
acoustic transmitter pipe 34 and the annular disc 36 as shown in Figure 2. Energy 
imparted to the liquid 14 at the acoustic focal point 40 results in transmission of 
acoustic energy upwardly through the guided liquid spout 44 and the wall of the 
30 acoustic transmitter pipe 34. Aerosol 26 is produced at the exit of the acoustic 

transmitter pipe 34. The kinetic energy of the aerosol 26 derived from the spout 44 
induces a pressure drop along the aerosol tube 18 which propels the aerosol through 
the tube 18. Delivery of aerosol 26 formed by the ultrasonic nebulizer 30 to a patient 
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treatment site (not shown) is as explained above in relation to the nebulizer 10. The 
acoustic impedance of the acoustic transmitter pipe 34 is higher than that of the liquid 
14 to prevent radiation dispersing from the acoustic transmitter pipe 34 during 
transmittal along it. The acoustic impedance is high enough to effect minimal acoustic 
5 energy loss during transmission of the ultrasonic radiation. 

Figure 3 shows an example of a radially spaced energy source in the form of 
an ultrasonic transducer 56 which encircles a longitudinal mid segment 58 of a tubular 
energy transmitter in the form of an acoustic transmitter pipe 60. The ultrasonic 
transducer 56 and acoustic transmitter pipe 60 can be substituted for the ultrasonic 

10 transducer 16, ultrasonic transmission medium 32 and acoustic transmitter pipe 34 of 
the ultrasonic nebulizer 30 to form ultrasonic nebulizer 54. The ultrasonic transducer 
56 transmits ultrasonic radiation energy directly to the acoustic transmitter pipe 60 
and the liquid 14. Ultrasonic radiation energy absorbed by the liquid 14 results in the 
liquid 14 being forced upwardly through the acoustic transmitter pipe 60 to form a 

15 guided liquid spout 44. The mechanism which is understood to be responsible for 
formation of the guided liquid spout 44 is known as the sonocapillary effect. Energy 
imparted to the acoustic transmitter pipe 60 is transmitted upwardly along walls of the 
acoustic transmitter pipe 60 as explained above in relation to the acoustic transmitter 
pipe 34. Liquid is nebulized as explained above in relation to the ultrasonic nebulizer 

20 30 by interaction of the acoustic energy with the liquid spout and upper surfaces of 
the acoustic transmitter pipe 60. 

The cross sectional area of the aerosol tube 18 of ultrasonic nebulizers 30 and 
54 referred to above is such that the aerosol 26 within the aerosol tube 18 induces a 
pressure drop as aerosol 26 moves upwardly along the aerosol tube 18. This 

25 pressure drop propels aerosol 26 upwardly through the aerosol tube 18 avoiding the 
need for any independent means of propulsion, eg a fan. Correct cross sectional 
dimensions of the aerosol tube 18 ensure that aerosol 26 can be efficiently and 
effectively admitted to a patient treatment site (not shown). 

Referring to Figure 4, an ultrasonic nebulizer 80 is described using reference 

30 numerals of the nebulizer 1 0 of figure 1 and ultrasonic nebulizers 30 and 54 of figures 
2 and 3, respectively, to describe common features. The ultrasonic nebulizer 80 
includes a bowl shaped container 12 which contains liquid 14, a bowl shaped 
ultrasonic transducer 16, ultrasonic transmission medium 32 for transmission of 
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ultrasonic radiation emitted by the bowl shaped ultrasonic transducer 16 to the liquid 
14. The ultrasonic nebulizer 80 also includes an acoustic transmitter pipe 82 which is 
similar to the acoustic transmitter pipe 34 of the ultrasonic nebulizer 30. The acoustic 
transmitter pipe 82 is supported relative to the bowl shaped container 12 by an 
5 annular support disc 84 which sits on top of the bowl shaped container 12 to enclose 
the container 12. Ultrasonic radiation emitted by the bowl shaped ultrasonic 
transducer 16 is focused to an acoustic focal point 40 as described above in relation 
to the ultrasonic nebulizer 30. Aerosol 26 is formed at an upper end 87 of the acoustic 
transmitter pipe 82 also as described above in relation to the ultrasonic nebulizer 30. 

1 0 The ultrasonic nebulizer 80 differs from examples of ultrasonic nebulizers 30 

and 54 described above in that it includes an expansion chamber which in this 
example is expansion chamber 86. Expansion chamber 86 includes an outlet duct in 
the form of outlet pipe 88. The outlet pipe 88 is partitioned from the acoustic 
transmitter pipe 82 by an upright partition wall 90 which is positioned to one side of 

15 the expansion chamber 86 to form a main compartment 92 which is positioned 

directly over the acoustic transmitter pipe 82 so that the acoustic transmitter pipe 82 is 
approximately aligned with an upright longitudinal axis of the main compartment 92. 
The partition wall 90 also forms a side compartment 94 which connects to a side 
compartment drain pipe 96 that extends downwardly through a hole 98 in the annular 

20 support disc 84 and into the liquid 14 of the bowl shaped container 12. 

The cross sectional area of the main compartment 92 is such that aerosol 26 
which is formed at the upper end 87 of the acoustic transmitter pipe 82 is propelled 
upwardly within the main compartment 92. When aerosol 26 moving upwardly within 
the main compartment 92 meets an upper inner surface of the expansion chamber 86 

25 it is directed by that surface to flow over an upper end of the partition wall 90 and into 
an upper end of the side compartment 94. Because of the propulsion provided to the 
aerosol 26 as it moves upwardly within the main compartment 92, the aerosol 26 is 
forced downwardly into the side compartment 94. As the aerosol 26 flows in a 
downward direction it passes the outlet pipe 88 which provides a lower energy route 

30 than if the aerosol 26 were to continue downwardly beyond the outlet pipe 88. The 
aerosol 26 therefore exits the side compartment 94 via the outlet pipe 88 for 
administration to a patient treatment site (not shown). 
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Liquid 99 in the main compartment 92 and side compartment 94 can occur 
either by liquid being projected directly upwardly from the acoustic transmitter pipe 82 
by virtue of ultrasonic energy applied to the liquid 14 at the acoustic focal point 40 or 
by condensation of aerosol 26 during circulation of aerosol 26 from the main 
5 compartment 92 to the side compartment 94. When the ultrasonic nebulizer 80 is 
optimally adjusted the liquid 99 includes a minimal un-nebulized component and 
therefore effectively only comprises condensed aerosol 26. Most of the condensed 
aerosol 26 circulates into the side compartment 94 for drainage down into the liquid 
14 via the side compartment drain pipe 96. 

10 Those skilled in the art will appreciate that the invention described herein is 

susceptible to variations and modifications other than those specifically described. For 
example, the specific shape and design of the nebulizer as well as the specific shape, 
design or configuration of components or assemblies that they comprise may vary 
provided they function as broadly defined. 

15 All such variations and modifications are to be considered within the scope of 

the present invention the nature of which is to be determined from the foregoing 
description. 

It is to be understood that a reference herein to a prior art document does not 
constitute an admission that the document forms part of the common general 
20 knowledge in the art in Australia or in any other country. 



